Abstract: A key issue in nutritional public health policies is to take into account social disparities behind health inequalities. The transition from adolescence toward adulthood is a critical period regarding changes in health behaviors. This study aimed to determine how consumption of four emblematic food groups (two to favor and two to limit) differed according to socio-economic and cultural characteristics of adolescents and young adults living in Belgium. Two non-consecutive 24-h dietary recalls were carried out in a nationally representative sample of 10-39 year old subjects (n = 1505) included in the Belgian food consumption survey 2014. Weighted daily mean consumption of "fruits and vegetables", "whole grain bread and cereals", "refined starchy food", and "sugary sweetened beverages" (SSB) was calculated and explored in multivariable linear regressions stratified into four age groups. After adjustment, 10-13 year old adolescents living in less educated households daily consumed lower amounts of "fruits and vegetables" (adjusted mean: 165.6 g/day (95% CI: 125.3-206.0)) and "whole grain bread and cereals" (40.4 g/day (22.9-58.0)), and higher amounts of SSB (309.7 g/day (131.3-488.1) than adolescents of same ages living in more educated households (220.2 g/day (179.8-260.7); 59.0 g/day (40.3-77.8); and 157.8 g/day (1.7-314.0), respectively). The same trends were observed in older groups, along with strong consumption disparities according to region of residency, country of birth, and occupation, with specificities according to age. Our findings suggest the need to better explore such disparities by stage of transition to adulthood, and to adapt nutritional health programs.
Introduction
Nutrition may play an important role in the increasing burden of cancer, obesity, diabetes, and cardiovascular diseases. In addition to physical activity, a diet rich in vegetables, fruits, and fibers is recommended, along with limited consumption of processed foods high in fat, refined starches and sugars, red and processed meat, sugary sweetened beverages (SSB), and alcohol [1, 2] . In Belgium, recent analyses identified the group of 14-17 year old adolescents as having the worst dietary habits when considering adhesion to dietary guidelines [3] . In the 18-39 year old group, conclusions were mitigated: consistent with adolescents, these adults had the highest consumption of nutrient-poor foods (comprising SSB, alcoholic drinks, biscuits and pastries, confectionary and chocolates, salty and fried snacks, etc.) than the youngest and oldest groups, while they also increased consumption of vegetables, fruits, and whole grain bread in comparison to youngest.
Dietary habits are acquired at adolescence and during the transition toward adulthood. Over the past few decades, this key period has increasingly occupied a greater portion of the life course: biological factors related to earlier puberty precede a longer and later appropriation of the adult social role, going beyond the current limit of 19 years [4] . Moreover, the health-related behavior of future adults may be influenced by socio-economic living conditions, family, the school and work environment, and development of a social network [4] [5] [6] [7] [8] . To better understand the different factors involved in acquisition of dietary habits, a comparison of adolescent and young adult behavioral determinants is therefore of interest.
In high-income countries, dietary disparities in food group consumption have been widely pointed out in the general population. For instance, whole grains, fresh fruits and vegetables, lean meats, and low-fat dairy products are more likely to be consumed by adults of higher socio-economic status (SES) [9] . As recent literature reviews concluded, food group consumption disparities also involve adolescents. Fruit, vegetable, and dairy intake is higher when parental SES is more favorable [10] [11] [12] [13] [14] [15] , while consumption of SSB and salty or sugary energy-dense products is higher when socio-economic living conditions are lower [10, 12, 13] . Other disparities according to birthplace, length of time living in a country [16] , migration generation [17] , and urban/rural place of living [10] have been observed in different countries. However, available information from quality studies on food group consumption disparities in adolescents is scattered, and the variety of studied determinants is limited. Literature focusing on diet disparities in young adults is extremely scarce.
The aim of the present research is to determine how consumption of food groups to favor (fruits and vegetables, whole grain bread, and cereals) and to limit (SSB, refined starchy food) differed according to socio-economic and cultural characteristics of adolescents (according to the common definition, i.e., 10-13 and 14-17 years), young adults (end of adolescence, i.e., 18-25 years), and adults (26-39 years).
Materials and Methods

Sampling
We analyzed 10-39 year old subject data from the 2014 Belgian food consumption survey (BFCS), a nationally representative cross-sectional survey conducted in the general population living in Belgium. The BFCS (methods described in detail elsewhere [18] ) is part of the "European union (EU) Menu" project coordinated by the European food safety authority (EFSA). To summarize, persons aged 3-64 years were randomly selected from the Belgian national population register, following a multistage stratified sampling procedure. Geographic stratification according to the 11 provinces was used. The number of interviews to be carried out in each province was proportional to the size of each province, and divided into 50 to define the number of municipalities to be selected. Then, within each sampled municipality, individuals were selected by stratifying into 10 age-gender strata following the EFSA age group cut-off recommendations [19] . Data collection was divided equally over the four seasons and seven days of the week so as to integrate seasonal and day-to-day variations in food intake.
Dietary Assessment
A country-specific version of GloboDiet, a computerized 24-h dietary recall (24h-R) program developed and maintained by the international agency for research on cancer, was used [19, 20] . Each 24h-R interview was conducted by a trained dietician. The multipass 24h-R method was used with a rapid and consecutive list of consumed foods and recipes at each eating occasion; a description and quantification of such foods and recipes, a summary of the 24h-R, and a description and quantification of dietary supplements. Each recipe was broken down into a list of foods.
All foods were classified according to the FoodEx2 food classification system developed by EFSA [19, 21] . For the present analysis, some adaptations were made: for example, the "starchy food" group was divided into "whole grain bread and cereal" and "refined starchy food", the latter including potatoes and tubers. An SSB group was formed and included all non-alcoholic beverages containing intrinsic sugar, added sugar, flavored milks, and sugary milk substitutes. Mean daily consumption of "fruits and vegetables", "whole grain bread and cereals", "refined starchy food", and SSB was calculated by subject.
Food consumption was linked to the Belgian food composition data (Nubel) and to the Dutch food composition data (NEVO) to estimate total energy intake. The Black method and Goldberg cut-off [22] were used to identify 18-39 year old under-reporters: the mean energy intake of each subject was compared to the basal metabolic rate (BMR), estimated by the Schofield equation [23] . A mean physical activity level of 1.55 was used. Energy intake day-to-day variations, a between-subject BMR variation of 8.5%, and a between-subject physical activity level variation of 15% were considered. Among 10-17 year olds, since the Black method does not take into account energy needs related to growth, under-reporters were those declaring mean energy intake below two standard deviations of the mean energy intake of the sample.
Socio-Economic Status and Cultural Characteristics
Variables related to household type and education level were adapted to adolescents and young adults. Whatever the age, if the subject was still in school during the survey, the number of children in the household included the subject, while the highest education level of the household was the parental education level. If the subject was 18 years old or older and not schooled, the highest education level in the household was defined according to the education level of the subject and his/her partner if applicable. Occupation (of the mother and the 26-39 year old adult subject) was divided into 5 categories, with "inactive" status including students, retired persons, the unemployed, those on sick leave, and the disabled. Working status was grouped into "student", "active", and "inactive" categories, as to be adapted to the 18-25 year old group. In addition, household type, country of birth, and main language spoken at home were considered.
Statistical Analyses
Pregnant and breastfeeding women were excluded from analyses; energy under-reporters were included. A weighting factor calculated according to age, gender, day of first dietary recall (weekday or weekend), season, and province of residency, along with sample design, were taken into account in statistical analyses (using the "svyset" function, Stata ® ). All analyses were stratified into four age groups: 10-13 years, 14-17 years, 18-25 years, and 26-39 years. For each food group, mean consumption of the two observation days was calculated. Univariate linear regressions of daily mean consumptions, with SES variables, gender, and region, were systematically adjusted for total energy intake (Table S1 ). Those variables with a significance level under 0.20 were included in initial multivariable models. After a manual backward stepwise process, final multivariate linear regressions included variables significantly associated with daily mean consumption (p-value <0.05), along with confounding variables (i.e., that is, variables whose removal increased or decreased consumed amounts by more than 10% for other variables included in the model). In addition, once an explanatory variable was retained for an age group, even though it was not significantly associated with the outcome or was not a confounder, this variable (or the one(s) concerning the same topic in other age groups) was also kept for all age groups. Adjusted mean daily consumption was post-estimated using predictive margins, with co-variates being treated as non-fixed [24] . The absence of co-linearity between variables included in multivariate models, normal distribution, homoscedasticity, and linearity of residuals, along with the absence of influence of potential outliers, were graphically verified in unweighted models. All analyses were performed using Stata ® version 14 (StataCorp, College Station, TX, USA).
Results
The total sample under study was composed of 1505 subjects having completed two non-consecutive 24h-R, stratified into 447 10-13, 470 [14] [15] [16] [17] Nearly all adolescents and young adults consumed "fruits and vegetables" and "refined starchy food" at least once during the two days of recall ( Table 1 ). The mean daily consumption of "fruits and vegetables" was statistically higher among 18-25 and 26-39 year olds than among 10-13 year olds. The consumption of "whole grain bread and cereals" and contribution to total starchy food intake were statistically higher among 26-39 year olds than among 10-13 year olds. "Refined starchy food" and SSB consumptions were the highest among 14-17 year olds. "Refined starchy food" contribution to total starchy food intake and SSB contribution to total beverage intake were significantly lower among 26-39 year olds than among 10-13 year olds. Table 1 . Consumption, at least once during the two days of recall, mean daily consumption, and contribution to total intake of four food groups according to age group. Belgian food consumption survey 2014. 
Fruits and Vegetables
Among 10-13 and 14-17 year olds, and after adjustment, "fruit and vegetable" consumption was lower in households with a secondary or lower education level than households with postgraduate education (Table 2) . Regional disparities were observed to the detriment of Wallonia (in 10-13 year olds) and the Brussels-Capital region (in 14-17 year olds) inhabitants, which consumed lower amounts of "fruits and vegetables" than the Flemish. In the 14-17 year old group only, boys, adolescents whose mothers were manual workers and those born in Belgium consumed significantly fewer "fruits and vegetables" daily than girls, subjects whose mothers had a managerial or academic occupation and those born in EU and outside the EU, respectively. Finally, among 26-39 year olds, subjects living in a single-parent family and those born in Belgium had lower "fruit and vegetable" consumption than those couples without children and born outside the EU, respectively. 
Whole Grain Bread and Cereals
After adjustment, the region of residency was associated with daily mean consumption of "whole grain bread and cereals", with Wallonia (in all age groups) and Brussels-Capital region (in 10-13 and 14-17 year old groups) residents consuming smaller amounts than the Flemish (Table 3) . Among 10-13 and 14-17 year olds, "whole grain bread and cereal" consumption was lower in households with secondary or lower education levels than households with postgraduate education. Among 14-17 and 18-25 year olds, subjects born in Belgium ate significantly fewer "whole grain bread and cereals" than those born elsewhere in the EU. In the 14-17 year old group only, adolescents whose mothers had a managerial or academic occupation consumed significantly fewer "whole grain bread and cereals" daily than subjects whose mothers were manual workers, employees, or with an intermediate occupation.
Refined Starchy Food
After adjustment, in all age groups, except in the 18-25 year old group, subjects living in Wallonia consumed higher amounts of "refined starchy food" than the Flemish (Table 4 ). Males consumed generally higher amounts of "refined starchy food" than females, significantly only among 14-17 and 26-39 year olds. In the 18-25 year old group, subjects speaking mixed languages, including French or Dutch, consumed higher amounts of "refined starchy food" than those speaking exclusively French and/or Dutch.
Sugary Sweetened Beverages
In all age groups and after adjustment, households or responders with a secondary education level or less consumed higher amounts of SSB daily than those with a postgraduate education, or a bachelor's degree depending on the age group (Table 5) . Indeed, education level gradients were observed in the 10-13 and 14-17 year old groups. Among 14-17 and 18-25 year olds, subjects born in Belgium significantly consumed higher amounts of SSB than those born outside the EU. Among 18-25 year olds, subjects living in Flanders significantly consumed higher amounts of SSB than those living in the Brussels-Capital region. Among 26-39 year olds, inactive and manual workers showed higher consumption of SSB than employees or those with an intermediate occupation. 
Discussion
Our aim was to determine differences in consumption of four food groups according to socio-economic and cultural characteristics of adolescents and young adults living in Belgium. In a representative sample in which diet was measured with two non-consecutive 24h-R, consumption of food groups to favor (fruits and vegetables, whole-grain products) increased with age. Moreover, consumption of food groups to limit (refined starchy food and SSB) was the highest among older adolescents (14-17 years), then decreased with adult age. As in other high-income countries, diet disparities in fruit, vegetable, and SSB consumption were observed, to the detriment of less well-educated subjects. In addition, our study provides new findings on whole grain product consumption disparities in all age groups. Strong regional disparities were found, independently of SES and for all food groups. Furthermore, our results indicate that oldest adolescents and young adults who were born in Belgium had less favorable consumption than those born abroad, either within or outside of the EU. Overall, the socio-economic and cultural influences upon food group consumption differ according to age group.
Overall, findings related to education and occupation are consistent with disparities observed in other high-income countries [10] [11] [12] [13] 15] . Education is considered to reflect health and nutrition literacy, i.e., the ability to appropriate nutritional information and to implement behavior accordingly [6] . Occupation is associated with the potential influence upon dietary behavior of the work environment, conditions, and the social network, along with social standing [25] . In addition, education is a determinant of occupation (and income, unavailable in our study); thus, all these indicators are interrelated, but are independently involved in dietary disparities [9, 26, 27] . In all age groups, and particularly among adolescents in the studied sample, less-well-educated households and subjects ate smaller amounts of healthy products and higher amounts of unhealthy products than the more educated. These results are consistent with recent studies among adolescents [10] [11] [12] [13] and young adults [28] . However, disparities in whole grain product consumption had rarely been studied previously: one German study reported no significant association with parental education [29] . In line with previous studies [9, 11, 12, 26] , occupation was involved in certain dietary disparities, but not in all age or food groups. Manual workers and inactive subjects, and older adolescents with such parents, were more likely to have an unhealthy diet (higher amounts of SSB and smaller amounts of fruits and vegetables, respectively) than other occupational and active categories. However, older adolescents whose mothers had the highest occupational status were those least consuming whole grain products, which would require further investigations in order to be explained.
Other new insights have emerged from our findings. Wide dietary disparities were encountered according to the region of residency in all age groups and independently of socio-economic conditions. Flanders is socio-economically more advantaged in comparison to Wallonia and the Brussels-Capital region in terms, for instance, of unemployment rate, poverty, and social exclusion [30] . Walloon inhabitants (mainly French-speaking) generally had a less healthy diet than the Flemish (mainly Dutch speakers), which had been previously shown [31] . In multilingual, multiregional Switzerland, substantial differences in diet were found according to linguistic region: indeed, in the 18-75 year old population, weighted daily mean intake of vegetables was significantly higher in German and French regions than in the Italian region, but the daily mean intake of "soft drinks" was higher in the German region than in the French and Italian regions [32] . Authors pointed out the influence of dietary habits from bordering countries: the diet observed in each Swiss region was comparable to that in the neighboring country. Indeed, a parallel could be made between the German community in Switzerland and the Belgian Flanders community, since they consumed higher amounts of vegetables and SSB daily than their French-speaking counterparts. In another study on the diversity of dietary patterns in European countries, the French population consumed fewer soft drinks than other Europeans; in the Netherlands, juice and soft drink consumption was higher than the European mean [20] . Nevertheless, in the Netherlands, vegetable and fruit consumption was lower than in other European countries [33] , contradicting the hypothesis of cultural influence from bordering countries on Belgian dietary habits.
Regional dietary specificities in Belgium may therefore be only partly explained by neighboring influences, possibly combined with various changes in regional public health policies.
Furthermore, being born in Belgium, as opposed to the EU or outside the EU (depending on the food group), was globally associated with a less healthy diet (lower amounts of fruits, vegetables, and whole grain products, and higher amounts of SSB), mainly among 14-17 and 18-25 year olds. Previous studies on migration disparities in diet showed that migrants-and especially recent migrants [16] -had higher dietary quality scores [34] , healthier patterns [35] , and consumed more vegetables than natives or less recent migrants [16] . In one study, foreign-born subjects also ate more SSB than natives [16] , while this was not the case in the present study. Here, we only made a distinction between migrants from EU and outside the EU, but more detailed information on country of birth and age at arrival in the host country should also be investigated, so as to better explore potential acculturation phenomena [36] [37] [38] in a multicultural country such as Belgium.
We also sought to determine whether dietary disparities were life-stage-specific. We observed that consumption of four emblematic food groups improved with age, being the less favorable among 14-17 year olds. Moreover, in such group of older adolescents, the socio-economic and cultural characteristics of diet disparities were the most diverse. However, complex interpretation of findings in 18-25 year olds and limited sample size made it difficult to identify age specificities. It would be useful to study more in-depth factors involved in dietary behavior during this rather lengthy stage of "semi-dependency" in young adults, i.e., the influence of family transmission, school, or work environment, and individual health and well-being. In addition, changes in diet occurring when the subject becomes responsible for others (partner, children) would be of interest.
For a relevant interpretation of our findings, some limitations should be noted. By definition, collected SES variables differed according to age group, with certain variables specific to life stage. For example, parental occupation was collected in 10-13 and 14-17 year old groups, while that of the subject themselves was collected in adult groups. In the 18-25 year old group, occupational categories such as managerial or academic were not plausible, so the working status was therefore coded into "student", "inactive", and "active". The interpretation of occupational disparities between age groups was therefore limited even if some common trends were observed in the hierarchy of status. In addition, the 18-25 year old group was composed of two-thirds of students living with their parents or dependent on their family (median age = 20.3 years), and one-third of non-students living independently (median age = 23.3 years). This heterogeneity also limited interpretation of potential disparities between food consumption and household type in this age group. Additional stratified analyses according to student status would have been useful, but were not feasible due to the small number of subjects concerned.
Language mainly spoken at home was only associated with refined starchy food consumption in this study. Categorization of this cultural variable aimed to indirectly and partially explore differences in literacy and its potential influence on diet [39] . However, the main language spoken in the household was asked in a semi-open question (Dutch or French option, since they are the two main languages among the three official languages in Belgium according to region of residency vs. another language, with open field to specify). Numerous subjects indicated that they spoke more than one language, without specification of hierarchy; lack of accuracy may therefore be suspected.
Finally, based on two non-consecutive recall days, virtually the entire adolescent and young adult population under study consumed refined starchy food and fruits and vegetables, while up to three-fourths of the sample consumed SSB, and up to two-thirds ate whole grain bread and cereals. In terms of starchy food consumption, the challenge lies in convincing the entire population to more often replace refined product consumption with whole grain products, since overall consumption is low. For fruits, vegetables, and SSB, the wide socio-economic and cultural disparities in all age groups suggest that accessibility [9] and affordability [40] of such products, along with associated perception of availability [41] and benefits to health [42] , are factors that must be considered. Less well-educated adolescents and young adults born in Belgium identified as currently consuming fewer fruits, vegetables, and whole grain products, and more SSB, should be specifically targeted.
Conclusions
The present study emphasizes socio-economic and cultural disparities in the consumption of four food groups in adolescents and young adults living in Belgium. A healthier diet pattern was observed with age, and our findings suggest that certain disparities may be life-stage-specific. Further analyses addressing other food group consumption (such as for instance meat, fish and eggs, or dairy products) or using a prospective design are needed to better understand changes in dietary behavior occurring between adolescence and young adulthood. Overall, a lower education level, birth in Belgium, and living in Wallonia (excepted for SSB consumption) were independently associated with less healthy dietary habits in all age groups. These characteristics, which had not been previously elucidated, along with regional specificities, should be taken into account in future public nutrition interventions.
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